Multivariable statistical approach were applied to evaluate groundwater quality in Jisser Diyala area, this technique was used to find the relation between physco-chemical properties of water and pattern of changing the groundwater quality in this area. Cluster and Factor analysis were applied in two type R-mode and Q-mode to identify the grouping of chemical properties and identify the factors controlling the change in quality.
Introduction
The groundwater resources are one of the most important resources for human life, so it is important to study its quality and quantity to identify its suitability for different uses. The groundwater quality depend on geological situation, and the human activity are polluted the groundwater by adding some element to the natural water. The big growing in population and decreasing of water resources lead the researchers to find a new techniques for studying the water resources especially the groundwater.
The statistical approach or statistical analysis application for groundwater have been developed in the last decades because of numbers of programs which deal with the statistics, that can used in groundwater and hydrochemical data interpretation. The graphical interpretation of groundwater is limited because, there is a finite numbers of variables that can be considered, and the variables are generally limited by convention to major ions.
The multivariable approach is the more accurate in data interpretation from univariable approach because it avoid the limitation of major ions. This method was developed to identify the main trends in the hydrochemical evolution of a regional-scale system. [1] Multivariate statistical methods were applicable for groundwater to extract high concentration from hydrochemical data sets in systems. These methods can give the solution to the hydrological factors like aquifer boundaries, ground water flow paths, or hydrochemical contents [2] , identify geochemical controls on composition [3] , and fell apart anomalies like artificial impacts from the background on a variety of scales [4] . These studies often use either or both R-mode (source of variation in a dataset from parameters) or Q mode (variation between samples) multivariate techniques [5] .
The aim of this study are to apply the multivariable statistical methods to verify the hydrochamical situation and to find the relation between physco-chemical properties of water and pattern of changing the groundwater quality in this area.
a-Study area
The study area lies to the south of Baghdad and to the east of Diyala River, near the crossing with the Tigris River, and south of Al-Rustumia station for treatment of sewage water Fig.(1) . This figure also shows the location of sampling point, which used for collect the groungwater samples from 6 wells distributed randomly in the study area, and one station for sampling river water. 
b-Geological and Hydrogeolgical Situation of Study Area
Study area lies within Baghdad Governorate which is a part of the sedimentary basin in the Mesopotamia Plain. It belongs to the Unstable Shelf and represents symmetrical syncline, filled with quaternary alluvial sediments, which belongs generally to Pleistocene and Holocene sediments. Those sediments composed mainly from clay, mud, silt and little bit of fine gravel, heterogeneously distributed, which cause unordered extent for ground water aquifers.
Clay and mud represent a confining bed at the upper part of quaternary sediments, its thickness almost between (10-20) m, while ground water available in the lower beds among fine sand and pebbles.
Ground water movement system in the study area represents part of the general movement system of Tigris Basin, considering Tigris and Diyala rivers as the discharge zone in general, The governorate ground water levels range between (> 25 -< 36) m above sea level, Groundwater where the movement from west to east and south-east, but the presence of the rivers (Tigris, Diyala and Euphrates), which represent important hydrogeological borders for aquifer systems specially in quaternary sediments, led to appearance of local movements due to the hydraulic connection between those rivers and ground water (recharge and discharge). Fig.(2) .
Generally, the water table fluctuation depends on many natural and industrial factors, especially the amount and distribution of rainfall in the area, flood periods and high evaporation, which affect the shallow unconfined aquifers, in addition to digging of irrigation canals and the unwise draw from the wells. [6] . Three groups of sampling were carried out during 2008, the first group was carried out on March, and the second on June, and third group on August. The total number of samples are 21 samples.
b-Laboratory work
The laboratory work include the measurement of major anions and cations and some heavy metals according to APHA, ASTM standard methods. The chemical analysis includes:
1. Majer cation and anion (Ca, Na, Mg, Cl, HCO 3 , SO 4 ). 2. Chemophysical element (pH, Ec, TDS, TSS, TH, Turb., DO, BOD). 3. Heavy metal or trace elements (Cd, Pb, Zn, Fe, Mn) for third group. Table (1) , show the result of laboratory analysis for the three group were sampled from the studied area, the table show the average for the three group. The pH ranging from 6.7 to 7.4 which indicate the groundwater and surface water as neutral. And the TDS for ground water ranging from 3012 to 4890 which reflect brackish type, while the surface water about 1860 which is slightly brackish water. For CaCO3 hardness is classified as very hard according to Freeze and Cherry, 1979 . [7] The major constituent of ground water ranging as shown in the table reflect the higher concentrations in relative to surface water. Which reflect the effect of geological processes on the groundwater quality. 
Results and Discussions

a-Statistical Evaluation
The statistical evaluation for the data of physco-chemical variables are used to interpret the water quality of the study area to give meaningful results. In this study Statistica software version 11 are used to carry out the statistical analysis, depending on using the cluster and factor analysis. The Table( 2) shows the summery of basic statistical data for groundwater physco-chemical variables.
b-Basic Statistic
Table (2) shows the summery of statistics of physco-chemical data (variables) which are the iterance for Exploratory Data Analysis (EDA) which used to reflect the types of data and identify the shape of data through the distribution likes to get the normal distribution of data.
c-Normal Distribution
The Fig.(3) shows that the physco-chemical variables almost in shape to the normal distribution which reflect that the data center tendency are in normal distribution condition and data have a good or high confidence to make an interpretation of the quality of groundwater. [8] 
d-Cluster analysis
Cluster analysis are used to grouping hydrochemical data, the grouping can be done in three trends, first observation clustering, second variable clustering, and K-means clustering. There are two types of K-means clustering. There are two types of cluster analysis, Q mode which used to grouping the samples, and R mode which used to grouping variables, in this study the two modes were used as shown in Figures. (4, 5) . From the cluster analysis (Q-mode) the result showing three groups, group A contains D1, D4, D3 and D5 have a high similarity in thier properties, group B contains D2 and D6, group C contains S alone as a group which represent the surface water.
Group A shows a similarity between D1 and D4 as a subgroup, this subgroup shows a similarity with D5 and then with D3 in close linkage distance, the linkage distance about 0.1, this close similarity which reflect the similarity in the types of water, which its CaCl group as shown in Table ( 3), this group of groundwater was effected by the river water. The group B shows a less similarity between D2 and D6 because the linkage distance was bigger than its in group A, the linkage distance about 0.3 and its also have the same types of groundwater (Na-HCO3) as shown in Table( 3), and group C shows the nature of surface water which have a high dissimilarity with groundwater, the linkage distance about 1.0 this value refer to the maximum dissimilarity. Group A and B also show a similarity but at far linkage distance more than 0.4 of dissimilarity. The multivariable approach is the more accurate in data interpretation from univariable approach because it avoid the limitation of the major ions. This method was developed to identify the main trends in the hydrochemical evolution of a regional-scale system in the studied area. [1] In the last years, multivariate statistical methods were applied for groundwater to extract high concentration from hydrochemical data sets in systems. These methods can give the solution to the hydrological factors like aquifer boundaries, ground water flow paths, or hydrochemical contents [2] , identify geochemical controls on composition [3] , and fell apart anomalies like artificial impacts from the background on a variety of scales [4] . These studies often use either or both R-mode (source of variation in a dataset from parameters) or Q mode (variation between samples) multivariate techniques [5] .
The cluster analysis (R-Mode) was carried out in this study as shown in Fig.(5) ; this cluster shows the similarity between the physco-chemicsl variables of the samples. The Fig.(5) show that the pH, DO, and BOD have the same similarity which means that the same behavior for all samples, in very close linkage distance and then related with TSS in similarity as subgroup 1 reflected the physical properties of samples.
The Mg and HCO3 also have the same similarity and then related with Ca. Na and Cl have the same similarity too and related with HCO3, Mg, and Ca as subgroup 2, which reflect the geological process effect on groundwater on the variation of chemical content. The T.H. and SO4 are also reflect the hardness factor change in samples as subgroup 3. These three subgroup were also show similarity after a linkage distance about 2000, which reflect the maximum change in physcochemical variables.
d-Factor Analysis
Before applied Factor Analysis on the data, or as iterance for using Factor Analysis, the applied of correlation matrix or correlation coefficient can point out the associations between variables, and that can show the coherent of data and refer to the situ of variables in the effected factors on the changing the quality of water. Table (3) shows the correlation matrix between the variables. The reference of coefficient value for significant change are (r>0.5). From this reference and from the Table (4) the Ec inspection related with TDS, T.H., Na, Cl, and SO4, this is a positive related. pH have a negative related with HCO3. Ca show no positive or negative correlation with any variables.
The Fig.(6) . Show the regression relation between Ec and TDS, and the r-squared is about 95% and this value are compatible with value from correlation coefficient. According to the correlation coefficient facts the factor analysis show effect of three factors as shown in Table ( 5). The factor 1 reflect 50% effect on groundwater change in quality and that reflect the geological factor (Ec, DO, TDS, T.H., and Cl. The factor 2 reflect 26% effect on changing the recharge effect on groundwater, agriculture and irrigation. And factor 3 reflect the others effect on quality of groundwater which was 9%. Conclusions and Recommendations 1. The data set were used in this study had a good normal distribution which reflect or refer to no error in chemical analysis and it is have a natural behavior. 2. Cluster analysis Q-mode show three groups of samples the first one include (D1,D3,D4.D5) represent the groundwater effected by surface water from Diyala river, the second group (D2, D7) represent the wells of natural groundwater, and the third group (S6) represent the surface water. 3. Cluster analysis R-mode show the relation between different variables of water. 4. Factor analysis produced three Factors effected the quality of groundwater, the first factor represent the geological factor and total effect of this factor about 50%, the second factor effected groundwater represent the recharge and irrigation factor, and its ratio about 26%, the third factor effect about 9% represent others process. 5. The recommendations are focus on using the statistical approach in others studies to verification of scientific trues resulting from traditional techniques.
